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system 



(57) There is provided a handover method for a mo- 
bile node (MN) having a mobile IP (Internet Protocol) 
address in a mobile communication system. When a 
handover occurs as the MN moves from the area of a 
first FA to the area of a second FA adjacent to the first 
FA, the second FA transmits a Binding Update message 



including the IP address of the second FA and an ac- 
knowledgement request to the first FA. In response to 
the Binding Update message, the first FA transmits a 
Binding Acknowledge message to the second FA, in- 
cluding a field indicative of the IP tunneling capability of 
a router connected to a corresponding node (CN) to 
which the MN connects a call. 
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Description 
PRIORITY 

[0001] This application claims priority to an applica- 
tion entitled "Handover Method for Mobile Station Hav- 
ing Mobile IP Address in Mobile Communication Sys- 
tem" filed in the Korean Industrial Property Office on Oc- 
tober 26, 2000 and assigned Serial No. 2000-63236, the 
contents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates generally to a 
handover method in a mobile communication system, 
and in particular, to a handover method for a mobile sta- 
tion having a mobile IP address. 

2. Description of the Related Art 

[0003] Handover is implemented to ensure mobility 
for a mobile station and continue communications with- 
out interruption. The handover maintains a call and 
changes a source base station to a target base station 
without being noticed by a user. The mobile station con- 
tinues the call, performing a control operation as the tar- 
get base station becomes its serving base station. The 
handover is categorized into a soft handover and a hard 
handover. The Soft handover occurs with simultaneous 
channel assignment to two base stations, whereas the 
hard handover connects a channel to a target base sta- 
tion, releasing an established channel from a source 
base station. 

[0004] Research has actively been made on assign- 
ment of a mobile IP (Internet Protocol) address to a mo- 
bile station to reliably provide an Internet service, a voice 
service and other data services, while ensuring mobility 
for the mobile station. With a mobile IP address as- 
signed to a mobile station, the mobile station can receive 
services in other countries, such as the U.S., although 
the mobile station is registered in a home country, such 
as Korea. The mobile communication system is provid- 
ed with a home agent (HA) to locate the mobile station, 
and a base station or a base station controller in another 
area acts as a foreign agent (FA), When the mobile sta- 
tion is located in another area, it registers its location in 
the FA and transmits the address of the HA as well as 
its registration and other information to the FA. The HA 
stores the location information of the mobile station, that 
is, the address of the FA, to thereby perform location 
registration for the mobile station. 
[0005] The mobile station can then communicate 
through the FA. A corresponding node (CN) with which 
the mobile station communicates, whether it is a mobile 
station or a system (host), transmits/receives data over 
an IP network. To transmit data to the mobile station, the 



CN transmits the data to HA through a predetermined 
router, such as, an edge router connected to the IP net- 
work. The router then transmits data received from CN 
for the mobile station to the HA. The HA sends the data 

5 to the FA using the address stored during the location 
registration. Thereafter, the router becomes a node in a 
transmission path in which the CN transmits data to the 
mobile station through the HA. Meanwhile, since the FA 
can detect the address of the edge router, the CN can 

10 receive data directly from the FA. Therefore, a reception 
path from the FA to the CN is directly connected to the 
edge router. In this case, the transmission path is differ- 
ent from the reception path. 

[0006] Alternatively, if mobile station wants to transmit 
15 some data to a CN, the mobile station transmits data 
simply to CN through FA by IP packet routing in the rout- 
ers. When the mobile station receives data from the CN, 
the data will be also transmitted by IP packet routing in 
the routers. 

20 [0007] Even when a data tranmission path is connect- 
ed between the mobile station and a particular terminal 
in this manner, data is exchanged between the router 
connected to the CN and the FA of the mobile station by 
IP tunneling. 

25 [0008] The mobile station may move to another FA 
without staying in one FA because it has mobility. In 
some cases, a reliable handover by IP tunneling cannot 
be implemented forthe mobile station. More specifically, 
if the mobile station moves to a second FA with a data 

30 transmission path connected to a first FA, its location 
registration must be performed again. Then, the first FA 
hands over the data to the second FA. Here, the first FA 
is in the state where it transmits/receives data to/from 
the router connected to the CN by IP tunneling. Howev- 

35 er, there is no way for the first FA to notify the second 
FA that data can be exchanged between the CN and the 
second FA by IP tunneling, thereby impeding active 
handover implementation. 



[0009] It is, therefore, an object of the present inven- 
tion to provide a method of actively implementing a 
handover when a mobile station having a mobile IP ad- 
dress connects a data transmission path through an IP 
network in a mobile communication system. 
[0010] It is another object of the present invention to 
provide a method of implementing a handover actively 
when a mobile station having a mobile IP address is not 
located within the area of an HA. 

[0011] The foregoing and other objects of the present 
invention are achieved by providing a handover method 
for a mobile node (MN) having a mobile IP (Internet Pro- 
tocol) address in a mobile communication system. A first 
foreign agent (FA) wirelessly communicates with the MN 
in the area where the MN is located, a home agent (HA) 
registers the location of the MN, a router is connected 
to the HA, and a corresponding node (CN) is connected 
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to the router, for communicating with the MN in the mo- 
bile communication system. When the router can per- 
form IP tunneling with the first FA, the router transmits 
IP tunneling information to the first FA through the HA. 
When a handover occurs as the MN moves from the ar- 
ea of the first FA to the area of the second FA adjacent 
to the first FA, the second FA transmits a Binding Update 
message including the IP address of the second FA and 
an acknowledgement requestto the first FA. In response 
to the Binding Update message, the first FA transmits a 
Binding Acknowledge signal to the second FA, including 
a field indicative of the I P tunneling capability of the rout- 
er. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The above and other objects, features and ad- 
vantages of the present invention will become more ap- 
parent from the following detailed description when tak- 
en in conjunction with the accompanying drawings in 
which: 

FIG. 1 illustrates a network configuration where a 
handover occurs as a mobile node (MN) having a 
mobile IP address moves to the area of another FA 
with a data transmission path established between 
the MN and a first FA in a mobile communication 
system according to the present invention; 
FIG. 2 is a diagram illustrating a signal flow for a 
handover according to the present invention; 
FIG. 3A illustrates the structure of a Binding Update 
message between FAs according to the present in- 
vention; and 

FIG. 3B illustrates the structure of a Binding Ac- 
knowledgement message for the Binding Update 
message received from an FA according to the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0013] A preferred embodiment of the present inven- 
tion will be described hereinbelow with reference to the 
accompanying drawings. In the following description, 
well-known functions or constructions are not described 
in detail since they would obscure the invention in un- 
necessary detail. 

[0014] FIG. 1 illustrates a network configuration 
where a handover occurs as an MN having a mobile IP 
address moves to the area of another FA with a call es- 
tablished between the MN and an FA in a mobile com- 
munication system according to the present invention. 
There will be given a description on the operation of 
each node in the network and a handover procedure 
when an MN having a mobile IP address conducts a da- 
ta transmission/reception in the area of an FA in the mo- 
bile communication system according to the present in- 
vention. 



[0015] Referring to FIGs. 1 and 2, an MN (10) has a 
mobile IP address and is capable of communicating in 
another foreign area as well as in the area of an HA (40). 
If the MN (10) is located in another area, it additionally 
5 transmits the address of its HA to a corresponding FA 
by a typical location registration message, thereby reg- 
istering its location. FAs to which the MN (10) can reg- 
ister its location in areas other than the area of the HA, 
FA1 (20) and FA2 (30) are wirelessly connected to the 
MN 10. The FAs 1(20) and 2(30) can be connected to 
an HA (40) for transmission of a location registration sig- 
nal. The FAs 1(20) and 2(30) can also transmit/receive 
data over an IP network. That is, they can transmit data 
capsulated by an IP protocol and decapsulate received 
capsulated data. The HA (40) receives the position in- 
formation of the MN (10), and upon receipt of a data 
transmission request from a particular node, provides 
the location information or controls data transmission/ 
reception connection. 

[0016] Location registration in the network configura- 
tion shown in FIG. 1 will now be described. When it is 
located within the area of the FA1(20), the MN (10) gen- 
erates a Registration Request signal 104 and transmits 
the Registration Request signal 104 together with the 
address of the HA (40) to the FA1(20). Then, the FA1 
(20) checks the address of the HA (40) included in the 
Registration Request signal 104 and requests location 
registration to the HA (40) according to the received ad- 
dress of the HA (40). For the location registration, the 
FA1(20) also transmits its own address to the HA (40). 
The HA (40) stores the information about the present 
location of the MN 1 0 and the location registration is per- 
formed in response to the location registration request. 
[0017] The operation of each node and a signal flow 
when a handover occurs according to the present inven- 
tion will be described below referring to FIGs. 1 and 2. 
[0018] If the MN (10) requests a data transmission to 
a CN (60) after the location registration, the FA1 (20) 
transmits a data transmission path set-up request signal 
to a router (50) connected to the CN (60). The router 
(50) requests a call to the CN (60) based on the received 
address. If the CN responds to the data transmission 
request, a data transmission path is established be- 
tween the MN (1 0) and the CN (60). The data transmis- 
sion connection occurs in step 100. Here, the MN is 
wirelessly connected to the FA1 (20), which is connect- 
ed to the router (50) by IP network. The router (50) is 
connected to the CN (60) through a predetermined net- 
work. 

[0019] When the MN (10) moves to the area of the 
FA2 (30), the FA1 (20) transmits a Binding Warning mes- 
sage 102 to the HA (40), notifying that the MN (10) is 
out of the area of the FA1 (20). That is, as the MN 10 
roams out of the area of the FA1 (20) during step 100 in 
progress, step 1 02 is performed. Referring to FIG. 1 , the 
MN (10) moves from the location marked by a dotted 
line, that is, from the area of the FA (20) to the area of 
the FA (30). In step 104, the MN (10) requests location 
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registration wirelessly to the FA (30) by a Registration 
Request message. Upon receipt of the Registration Re- 
quest message, the FA2 (30) transmits a Binding Up- 
date message 106 to the FA1 (20), notifying FA1 (20) 
that the MN (10) has moved to the area of the FA 2(30) 
in step 106. The Binding Update message according to 
the present invention is shown in FIG. 3A. 
[0020] FIG. 3A illustrates the structure of the Binding 
Update message transmitted between FAs according to 
the present invention. Referring to FIG. 3A, the Binding 
Update message is composed of Type, Life time (i.e., a 
field indicating how long the MN (1 0) is registered), Mo- 
bile Node Home Address, Care-of Address (i.e., the ad- 
dress of the FA2 (30)), and an ID (identification). The 
Binding Update message further includes especially an 
acknowledgement requesting message field, A (Ac- 
knowledge). The acknowledgement requesting mes- 
sage field A is used to receive a signal from the FA1 
(20), indicating whether I P tunneling is to be established 
or not. 

[0021] Upon receipt of the Binding Update message, 
the FA1 (20) transmits a Binding Acknowledge message 
108 including data transmitting/receiving-related infor- 
mation to the FA 2 (30) in step 108. The Binding Ac- 
knowledge message 108 is illustrated in FIG. 3B. FIG. 
3B illustrates the structure of the Binding Acknowledge 
message as an acknowledgement message for the 
Binding Update message received from the FA2 (30) ac- 
cording to the present invention. 

[0022] Referring to FIG. 3B,the Binding Acknowledge 
message 1 08 includes Type and a field R indicating the 
capsulation capability of the router (50) connected to the 
CN (60). The Binding Acknowledge message 108 fur- 
ther includes Status, Mobile Node Home Address, and 
ID. Specially R bit is used for IP tunneling between FA 
and the router connected to CN. HA transmits IP data 
to FA by forward tunneling. And, FA tranmits IP data to 
CN by a normal IP routing path. However, when FA1 
transmits IP data by backward tunneling to router con- 
nected to CN directly, FA2 also must transmit by back- 
ward tunneling method. But, FA2 does not know if FA1 
transmits IP data by backward tunneling method. So, 
FA1 must inform the method to FA2. R bit is used when 
FA1 informs its tunneling method to FA2. Preferably, the 
field R is set to 1 when the CN has capsulation capability 
and to 0 when the CN has no capsulation capability. 
[0023] Upon receipt of the Binding Acknowledge mes- 
sage, 1 08 the FA (30) prepares to communicate with the 
CN (60) and transmits a Registration Request message 
1 1 0 to the HA (40) in step 1 1 0. The HA (40) transmits a 
Binding Update message 1 1 2 to the router (50) connect- 
ed to the CN (60) in step 112. Thus, the router (50) pre- 
pares to communicate data with the FA2 (30) and data 
is exchanged between the FA2 (30) and the router (50) 
by IP tunneling in step 114. It is to be noted here that 
the channel established in step 100 is still maintained 
between the router (50) and the CN (60). Therefore, 
when IP tunneling is formed between the FA2 (30) and 



the router (50), communication is available between the 
MN (10) and the CN (60) and a handover occurs from 
the FA1 (20) to the FA2 (30). 

[0024] As described above, the present invention is 
5 advantageous in that use of a Binding Update message 
requesting an acknowledgement and a Binding Ac- 
knowledge message enables active implementation of 
a handover in a mobile communication system even 
when an MN having a mobile IP address communicates 
10 in the area of an FA, that is, not in the area of an HA. 
[0025] While the invention has been shown and de- 
scribed with reference to a certain preferred embodi- 
ment thereof, it will be understood by those skilled in the 
art that various changes in form and details may be 
15 made therein without departing from the spirit and scope 
of the invention as defined by the appended claims. 



Claims 

20 

1. A handover method in an mobile communication 
system that includes a mobile node (MN) having a 
mobile IP (Internet Protocol) address, a first foreign 
agent (FA) for wirelessly communicating with the 

25 MN in the area where the MN is located, a home 

agent (HA) for registering the location of the MN, a 
router connected to the HA, and a corresponding 
node (CN) connected to the router for communicat- 
ing with the MN for performing IP tunneling with the 

30 first FA, the router transmitting IP tunneling informa- 
tion to the first FA through the HA, the method com- 
prising the steps of: 

transmitting a Binding Update message includ- 
es ing the IP address of a second FA and an ac- 
knowledgement request to the first FA by the 
second FA, when a handover occurs as the MN 
moves from the area of the first FA to the area 
of the second FA adjacent to the first FA; and 
40 transmitting a Binding Acknowledge message 
including a information of the IP tunneling ca- 
pability of the routes to the second FA in re- 
sponse to the Binding Update message by the 
first FA. 

45 

2. The handover method of claim 1 , further comprising 
the step of registering the location information of the 
MNto the second FA wirelessly communicating with 
the MN during the handover. 

50 

3. The handover method of claim 1 , further comprising 
the step of transmitting a Binding Warning message 
to the HA by the first FA during the handover. 

55 4. The handover method of claim 1 , further comprising 
the step of updating the location information of the 
MN by transmitting a Registration Request mes- 
sage to the HA by the second FA after receiving the 
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Binding Acknowledge message. 

5. The handover method of claim 4, further comprising 
the step of transmitting the Binding Update mes- 
sage to the router by the HA to notify the router of 5 
movement of the MN when the location information 

of the MN is updated. 

6. A handover method for a mibile mode(MN) having 

a mobile IP address in a source foreign agent(FA) 10 
of a mobile communication system, comprising the 
steps of: 

transmitting a Binding Warning message to a a 
home agent (HA) if the MN moves to the target 15 
FA with a data tran mission/reception path es- 
tablished in the area of the source FA; and 
transmitting a Binding Acknowledge message 
to the target FA including an IP tunneling status 
value upon receipt of a Binding Update mes- 20 
sage from the target FA, and releasing an es- 
tablished IP tunnel between the source FA and 
a core network(CN). 

7. The handover method of claim 6, wherein the Bind- 25 
ing Acknowledge message comprises type informa- 
tion (Type), a field R indicating the capsulation ca- 
pability of a router connected to the CN to which the 
MN connects a call, a status field (Status), the home 
address of the MN (Mobile Node Home Address), 30 
and ID. 

8. A handover method for an MN having a mobile IP 
address in a target FA of a mobile communication 
system, comprising the steps of: 35 

transmitting a Binding Update message to a 
source FA upon receipt of a Registration Re- 
quest message from the MN requiring a hando- 
ver; 40 
transmitting the Registration Request message 
to an HA for the MN upon receipt of a Binding 
Acknowledge message from the source FA; 
and 

establishing a radio channel between the MN 45 
and the target FA and exchanging data on a ra- 
dio channel. 

9. The handover method of claim 8, wherein the Bind- 
ing Update message comprises type information 50 
(Type), a field indicating the time period for which 

the MN is registered (Life time), Mobile Node Home 
Address, the address of the target FA (Care-of Ad- 
dress), ID, and an acknowledgement requesting 
message field A. 55 
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